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Abstract 
This report documents results of testing LED and HPS street lights to determine if they meet 
AASHTO standards for illumination of roadways.  Two power levels of LED, Everlight LED, 
and traditional high pressure sodium (HPS) street lights were tested and compared to AASHTO 
roadway illuminance specifications.  Each light was tested for road level illuminance, power 
consumption, and light spectrum at all possible settings with a 120 volt supply.  A grid 40 feet 
along the roadway by 30 feet (20 feet across the roadway and 10 feet beside the roadway) was 
used for the illuminance testing.   The light was mounted at a 10 foot height with the center of 
light located on one end of the 40 foot dimension and 20 feet from one side of the 30 foot 
dimension.  Measurement points were set up at 2 foot intervals on radial lines from the center of 
light spaced 15 degrees apart.   The results showed that LED street lights provide predominantly 
blue spectrum light with less than half the illuminance of HPS street lights, but at 20% to 75% of 
the power consumption.  These findings suggest that LED street lights need improvement in 
illuminance and quality before these lights are recommended for use on Alaskan roadways. 
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Summary of Findings 
The ultimate question that this project seeks to answer is, “Can LED street lights provide usable 
and safe illumination of Alaska roadways based on AASHTO standards?”  The results of this 
project showed that LED street lights can provide usable light with much lower energy 
consumption than HPS street lights, but at light intensities much less than HPS street lights.  
However, in many applications LED street lights would need to be spaced closer together than 
HPS lights in order to meet AASHTO standards for illumination of roadways for various surface 
types.  Additional testing of the light spectrum indicates that LED street lights tested have a 
predominantly blue spectrum, yet are considered a white light.  Visual observations by the 
researchers on this project suggest that the LED light quality is such that it causes reflections that 
make it difficult to see objects clearly, particularly for those wearing glasses and possibly due to 
ultraviolet coating on the lenses.  These findings suggest that LED street lights need 
improvement in illuminance and color quality before they are considered as strict replacements 
for HPS street lights.
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CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH 
Problem Statement and Research Objective 
AKDOT&PF has a specific research need for evaluating the level and quality of light 
produced from LED based street lighting.  Street lights use a lot of energy, especially when 
nights are more than 12 hours long. Communities in Alaska are exploring how light-emitting 
diode (LED) technology, already popular in many devices, from flashlights to electronic 
billboards, might be applied to city-wide lighting systems.  Some researchers and roadway 
lighting professionals suggest that under ideal conditions, an LED system might save 50% to 
75% more energy than a traditional streetlight system [1-2].  Corresponding with the specific 
research needs of AKDOT&PF and to verify the findings of other researchers and lighting 
professionals on the viability of LED technology for roadway lighting, the UAF INE team, led 
by Professor Richard Wies, will address the following specific project objectives:  
1) Determine if LED based street lighting meets American Association of State Highway and 
Transportation Officials AASHTO roadway illuminance standards [3] by monitoring and 
recording the illuminance on a defined roadway grid. 
2) Determine the relative energy use and color quality of LED based street lighting by 
monitoring and recording the power consumption and photometric light color spectrum.  
3) Explore the possibilities of replacing traditional high-pressure sodium (HPS) street lights 
in urban areas of Alaska with LED based street lights through measurement comparisons.   
Scope of Study 
The cities of Fairbanks, North Pole, Anchorage and a few other smaller communities in 
Alaska have already started to replace conventional HPS street lights with LED street lights 
under the premise that there is considerable energy savings, in some cases as much as 75%.  
However, it is known that the light output levels from radiated light (illuminance) of the LED 
based street lights are about 1/3 to 1/2 of that of the HPS lights.  What is not known are the 
quality, the spectrum, and the longevity of LED lighting.  Individual LED lights can be designed 
and light diffused to create specific spectrums and patterns of light, but for some individuals the 
light spectrum could impact their ability to clearly see objects in the roadway.  The benefit of 
LEDs is that the spectrum and pattern of light can be tuned for the specific application.  This 
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project workplan seeks to answer those questions for the AKDOT&PF which needs research 
support in determining if current LED street lighting technology meets AASHTO national 
roadway illuminance standards.  Results from this research will aid the AKDOT&PF in 
determining if current and future LED street lighting technology meets these national standards 
and can be safely used on Alaskan highways and city streets.  This workplan will result in the 
following benefits to the State of Alaska: (1) improve the safety of passengers on Alaska 
roadways, and (2) decrease the long term costs through the use of street lighting which meets 
AASHTO national roadway illuminance standards.  
Expected outcomes from this workplan are: (1) a review of current LED street lighting 
technology and research in the field, (2) a review of current AASHTO national roadway 
illuminance standards, and (3) a measurement and visibility based determination of the level and 
quality of light produced from LED based street lighting in comparison to HPS lights to 
determine if it meets AASHTO national roadway illuminance standards.  
Under the right conditions, LEDs can have a longer performance life.  In general, the devices 
tend to be less fragile, and they switch on and off quickly.  Many believe LED technology is the 
next step, after fluorescents, in efficient indoor lighting for the United States.  And now LED 
lighting technology has pushed its way into the street lighting market in an attempt to replace 
high pressure sodium HPS lamps.  But converting an entire existing street lighting system to 
LED’s isn’t as simple as switching out a bulb; LED’s require entirely different circuitry and 
power supply designs. LED systems are more sensitive to changes in power supply.  Just 
installing the new equipment can cost a city several million dollars in immediate capital costs.  In 
warm environments (XX – XXF) LED light systems can overheat, burning out circuitry and 
requiring frequent, expensive repairs.  Alaska may have an advantage here; our lower 
environmental temperatures may be ideal for LEDs.  
Another concern is how much light LED’s actually shed on a city street. In some places that 
have adopted them, people perceive that the LED’s produce less light than the old lamps, and the 
light available does not improve visibility as well.  Light emitted by an LED fixture produces a 
much smaller “circle” of light than HPS lamps; some argue that this will require more lights 
placed closer together, increasing capital and energy costs.  
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Research Approach 
Pursuant to the research need described above, the UAF team, lead by Professor Richard 
Wies revised its previous workplan on the project conducted in collaboration with UAA entitled 
Economical Analysis of Alaskan Street Lights by Using Light-Emitting Diode (LED) 
Technology to focus specifically on comparing HPS street lights and LED street lights.  We also 
performed a literature search of previous testing results and past experiences with visual 
monitoring and physical measurements of LED street lighting technology.  
The testing was conducted on the HPS and LED street lights using the Illumination 
Engineering Society IES LM-79 standards [4] and included: 
1)  illuminance (foot-candles) at various points along a radial surface grid (the grid should 
cover at least 4 times the light mounting height down the road from the light and 2 times 
the mounting height across the road and 1 times the mounting height on the sidewalk 
side). 
2)  visible light spectrum (color) using a photometer.  This information is pertinent to 
evaluation of color perception and psychological impacts under LED light.  
3)  pattern recognition by camera and visual (quality) observations, and  
4)  power consumption (watts) with a wattmeter.  
Street lights to be compared include a IES Type II 150 watt HPS, a IES Type III 250 watt 
HPS, two power levels of IES Type II LED, and two power levels of IES Type III illuminaires 
that manufacturers claim to provide acceptable illuminance based on the IES and the 
International Commission on Illumination or Commission Internationale de l'Eclairage CIE 
photopic light spectrum standards which are currently used by AASHTO.  The normalized 
photopic light spectrum shown in black in Figure 1 [5] below is the cone-activated response of 
the human eye to well-lit conditions between wavelengths of 380 and 780 nm based on the CIE 
1931 colorimetric observer standard [1, 3, & 6].  The normalized scotopic light spectrum shown 
in green in Figure 1 [5] is the rod-activated response of the human eye in low-level light (civil 
twilight).  In this study the photopic light spectrum was used for the illuminance measurements 
based on IES and CIE specifications for roadway lighting, while the light spectrum  
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Figure 1: Normalized photopic (black) and scotopic (green) light spectrums. [5] The photopic 
light spectrum includes the CIE 1931 standard [6] (solid), the Judd-Vos 1978 modified data [7-9] 
(dashed), and the Sharpe, Stockman, Jagla & Jägle 2005 data [10] (dotted). (Adapted from [5]) 
measurements include both photopic and scotopic weightings at each wavelength based on the  
specifications of the spectroradiometer. 
Street Light Illuminance, Power Consumption, and Spectrum Measurement Setup 
Our testing facility is in the Mineral Industry Research Lab MIRL garage at the Alaska 
Center for Energy and Power.  This is a high bay facility so we configured the lights at a 10 foot 
elevation above the garage floor similar to the actual street application.  The light was mounted 
at a 10 foot height with the center of light located on one end of the 40 foot dimension, 20 feet 
from the road side and 10 feet from the pedestrian path side of the 30 foot dimension.  
Measurement points were set up at 2 foot intervals on radial lines from the center of light spaced 
15 degrees apart as illustrated in Figure 2.  
The illuminance measurements in footcandles recorded using the Extech HD450 NIST calibrated 
illuminance meter were used to determine whether HPS street lighting systems retrofitted with 
LED illuminaires will meet AASHTO minimum standards for roadway illuminance in 
footcandles provided in [3, Table 3-5a] (see Appendix A, page 20).  The lighting test 
arrangement includes the most common lighting layouts (mounting height, spacing, and lateral 
offset) found in the lighting systems the city of Fairbanks is planning to retro-fit with LED 
y  
Wavelength (nm) 
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streetlights.  The power consumption measurements recorded using the Fluke 43B power quality 
analyzer were used to determine the energy savings due to using the LED street lights rather than 
HPS street lights.  The light spectrum measurements recorded in W/m2 using an Apogee PS-300 
specification sheets for the Extech HD450 light meter, Fluke 43B power analyzer, and Apogee 
PS-300 spectroradiometer are shown in Appendix A2, A3, and A4, respectively. 
 
Figure 2: Street Light Illuminance Measurement Grid 
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Two formats of Beta Generation B Type III LED street lights (40 and 60 LED) with three 
driver settings each used in the current pilot study in Fairbanks, a American Electric Lighting 
250W HPS, and a General Electric 250W HPS street light were made available for testing as 
provided by the City of Fairbanks Public Works and Facilities through Phil Sanders, Fairbanks 
Facilities Manager and LED Street Light Project manager.  Fairbanks is looking to replace over 
2900 HPS street lights with LED street lights in Fairbanks and North Pole with a $3.31M grant 
through the Highway and Bridge Stimulus Contingency Project funds.  The city is looking for 
empirical data in order to specify and verify that the LED street lights meet the required 
standards before ordering the replacement lights.  Two Everlight Americas IES Type II LED 
street lights in the (90 to 100 W) and (120 to 145 W) range were sent directly to the university 
from Everlight Americas Inc, and were also tested as part of this study.  The manufacturer’s 
specifications sheets for the four different lights tested are provided in Appendix A.   
The street lights were configured to operate off of 120V single-phase AC, which was readily 
available at the testing location.  A 120V to 240V 1 kVA transformer was used to drive the 
HPS250 which requires 240V to fire the ignitor in the configuration provided.  The quantitative 
and qualitative results of this testing summarized in the following sections provided the data 
necessary to assess the current LED street light technology and compare with HPS street lights 
and document their performance versus the HPS street lights for this application. 
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CHAPTER 2 - FINDINGS 
LED and HPS Street Light Testing Results 
The following sections document the results of testing the photopic illuminance, power 
consumption, and light spectrum of LED and HPS street lights. 
Photopic Illuminance and Power Consumption Results 
The photopic illuminance results were recorded in Tables II-XI a) in Appendix B on pages 
47, 49, …, 65 for the LED and HPS based street lights using the Extech HD450 NIST calibrated 
illuminance meter at the measurement points located at the floor level within the grid specified in 
Figure 2.  Stray light measurements taken using the 40 fc range before the initial test with all the 
illuminaires turned off in the garage indicated 0.00 fc at the floor level at all measurement points 
on the grid.  The power consumption and power quality measurements were recorded in Tables 
II-XI b) in Appendix B on pages 47, 49, …, 65 at the start, middle and end of each test using the 
Fluke 43B power quality analyzer.  In addition to the illuminance measurements taken at the 
floor level, illuminance measurements were also taken at heights of 2, 4, and 6 feet above the 
floor at measurement points set up at 4 foot intervals on radial lines from the center of light 
spaced 45 degrees apart on the same measurement grid shown in Figure 2, but with fewer points.  
These results are documented in Tables II-XI c) in Appendix B on pages 48, 50, …, 66.  Note 
that the range on the illuminance meter was increased to 400 fc for some of the measurement 
points, particularly for the 2, 4, and 6 feet heights above the floor and the higher intensity HPS 
lights, since the illuminance values exceeded the 40 fc range.  These points are indicated by an 
asterisks (*) in Tables II-XI c). 
In order to provide a good visual representation of the illuminance results over the 
measurement grid at the floor level as tabulated in Tables II-XI a), a series of color filled contour 
plots shown in Figures 3-12 in Appendix C on pages 68-77 were constructed to show the lines of 
isoilluminance at the floor level.  A color map scaled from 0 to 40 fc (the next nearest 5 fc to the 
maximum for all lights tested) is provided to the right of each contour plot to show the 
illuminance level (not the actual color of the light).  A datatip is also included on each plot 
indicating the position <x, y> in feet from the center of light and illuminance <z> in footcandles 
at the center of light <0, 0> point on the grid. 
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For the measurements taken at the floor level (0 ft) and 2, 4, and 6 feet heights as tabulated in 
Tables II-XI a) and c), a series of surface plots were constructed as shown in Figures 13-22 in 
Appendix C on pages 78-87.  Each figure shows the 0, 2, 4, and 6 feet height illuminance results 
for each light tested at the specific driver setting (Beta LEDs only) on the measurement grid in 
Figure 2.   The z axis range (measured in footcandles) on each of the four plots (a-d) in each 
figure are 40, 60, 100, and 225, respectively, based on the next nearest 5 to the maximum value 
of all lights tested.  A color map scaled from 0 to 225 fc is provided next to each surface plot to 
show the illuminance (not the actual color of the light).  A datatip is also included on each plot 
indicating the position <x, y> in feet from the center of light and illuminance <z> in footcandles 
of the highest illuminance value within the measurement grid.  Note that this is not always at the 
center of light <0, 0> point on the grid. 
In order to assess the illuminance levels of the street lights at heights commonly used on 
local roadways, the surface level measurements with the light at a height of 10 ft were translated 
to measurement grids for heights of 20 ft and 30 ft.  This was accomplished by creating 1/r^2 and 
negative exponential curve fits to radial distance vs. illuminance data along each of the radial 
lines for the HPS and LED street light, respectively.  The new measurement grids were setup to 
cover at least 4 times the light mounting height down the road from the light and 2 times the 
mounting height across the road and 1 times the mounting height on the sidewalk side as 
described in the research approach.   A series of color filled contour plots shown in Figures 23-
32 in Appendix C on pages 88-97 were constructed to show the lines of isoilluminance at the 
floor level for light mounting heights of a) 20 ft and b) 30 ft.  A color map scaled from 0 to 40 fc 
(the next nearest 5 fc to the maximum for all lights tested at the 10 foot height) is provided to the 
right of each contour plot to show the illuminance level (not the actual color of the light).  A 
datatip is also included on each plot indicating the illuminance <z> in footcandles at the center of 
light <0, 0> point on the grid. 
Light Spectrum Results 
The light spectrum plots shown in Figures 33-39 in Appendix D on pages 99-105 were 
recorded in Watts/meter2 across the visible photopic light spectrum (380 nm to 780 nm) for the 
LED and HPS based street lights using the Apogee PS-300 spectroradiometer.  A color map 
scaled from 0 to 40 fc (the next nearest 5 fc to the maximum for all lights tested) is provided 
below each plot to show the actual colors across the light spectrum.  The eye of the 
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spectroradiometer was located at the floor for HPS lights and 6 feet level for LED lights at the 
center of light in Figure 2 in order to achieve a scalable power spectral density for the lower 
lumen output of the LED lights on the Apogee PS-300 computer interface.   
The spectral power density values recorded at each wavelength were converted to 
footcandles for the plots and the total illuminous flux over the visible photopic light spectrum 
(printed in the title for each plot) was calculated using Equation 1 [5],   
        λλ
mft76410
Wlm002683λλλ
mft76410
Wlm002683FC 2222 Jy.
.dJy
.
.  0    Equation 1 
where FC is the total illuminous flux [footcandles] over the visible photopic light spectrum,  λy  
is the discrete value of the normalized luminosity function ( 1) at the given wavelength based 
on the CIE 1931 photopic spectrum [6, 11], and  λJ  is the discrete value of the power spectral 
density [W/m2] at the given wavelength.  The integral is simply calculated as the inner or dot 
product of the luminosity function and the power spectral density vectors if the discrete values of 
the power spectral density are known at specified wavelengths [12].  The 683.002 lm/W is the 
conversion factor for the photopic spectrum [13].  This is determined by using the definition of a 
lumen 683 lm per W of radiant energy at a frequency of 540 THz or 555.016 nm, and then 
dividing 683 lm/W by luminosity function value  λy  = 0.999997 at 555.016 nm [14]. 
Overall Analysis 
The following sections contain analysis of the testing results for the photopic illuminance, 
power consumption, and light spectrum of LED and HPS street lights. 
Photopic Illuminance Analysis 
The photopic illuminance results for the Beta 40 LED light in Tables II-IV a) showed a ring 
of higher level illuminance at 8 feet for the 0° and 15° radial lines, and 6 feet at 180° radial line, 
but not larger than the illuminance at the center of light with a decaying exponential fit to the 
radial distance vs. illuminance data along each of the radial lines from the center of light.  The 
Beta 60 LED light photopic illuminance results in Tables V-VII a) showed a ring of higher level 
illuminance at 8 feet for the 0°, 15°, and 180° radial lines, but not larger than the illuminance at 
the center of light with a decaying exponential fit to the radial distance vs. illuminance data 
along each of the radial lines from the center of light.  The Dolphin 90 LED light photopic 
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illuminance results in Table VIII a) showed rings of higher level illuminance than at the center of 
light at 2 and 4 feet for all radial lines at and above 120° and 6 feet for all radial lines at and 
above 135°, with the ring of the highest level of illuminance at 4 feet for all radial lines at and 
above 135° on the roadway side of the grid with a relatively good 1/r^2 fit as expected to the 
radial distance vs. illuminance data along each of the radial lines from the center of light.  The 
Dolphin 120 LED light photopic illuminance results in Table IX a) showed rings of higher level 
illuminance than at the center of light at 2 feet and 4 feet for all radial lines at and above 120°, 
but with the ring of the highest level of illuminance at 2 feet for all radial lines at and above 120° 
on the roadway side of the grid with a relatively good 1/r^2 fit to the radial distance vs. 
illuminance data along each of the radial lines from the center of light.   
The HPS 150 light photopic illuminance results in Table X a) showed rings of higher level 
illuminance than at the center of light at 2 feet for all radial lines at and above 135° and 4 feet for 
all radial lines at and above 165°, with the ring of the highest level of illuminance at 2 feet for all 
radial lines at and above 135° on the roadway side of the grid with a relatively good 1/r^2 fit to 
the radial distance vs. illuminance data along each of the radial lines from the center of light.  
The HPS 250 light photopic illuminance results in Table XI a) showed no rings of higher level 
illuminance than at the center of light with the best 1/r^2 fit to the radial distance vs. illuminance 
data along each of the radial lines from the center of light.   
While the Beta and Dolphin LED lights had more uniform light in terms of the illuminance 
level at the same distance from the center of light on the roadway and sidewalk sides of the grid, 
the illuminance values in footcandles were less than half of those at the same grid points for the 
HPS lights.  The HPS lights also tended to concentrate more of the light on the roadway side in 
the traffic lanes as this was visually observed during the testing and is also easily observed by 
looking at the illuminance values at the 10 feet mark on the 0° and 180° radial lines for the HPS 
150 light in Tables X a).  All of the lights tested were expected to have a 1/r^2 fit with respect to 
illuminance as a function of radial distance from the center of light along each radial line.  The 
best 1/r^2 illuminance vs. radial distance fit was for the HPS 250 with the HPS 150, Dolphin 
120, and Dolphin 90 all fairly comparable, but not quite as good.  The Beta LEDs all had more of 
a decaying exponential illuminance vs. radial distance fit, but a translated 1/r^2 shape could be 
observed in the data.  The difference between the Beta LED and the Dolphin LED illuminance 
vs. radial distance fit could be due to a number of factors, but is most likely due to the optics 
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used to direct the light from the LEDs to concentrate on specific areas of the surface like the 
middle of traffic lanes.  The difference between the HPS 150 and HPS 250 in terms of the 1/r^2 
fit could be accounted for in terms of the shape of the lamp used in the fixture and the optics of 
the lens which was flat glass in both instances.  The HPS 150 used the LU150 with the shorter 
oval ED23-1/2 lamp shape that tends to concentrate light at points close to, but not directly at the 
center of light.  The HPS 250 used the LU250 with the long cylindrical ED18 lamp shape that 
illuminates more nearly along a 1/r^2 from the center of light.  
Power Consumption Analysis 
The power consumption results for the LED based street lights versus those for the HPS 
based street lights in Tables II-IX b) and Tables X-XI b), respectively, show that the LED based 
lights use 50% - 80% less power than the same HPS based light used in a specific roadway 
lighting application.  The Beta 40 LED light power consumption results in Tables II-IV b) show 
that the light consumed as little as 22 W on the low driver setting and as much as 47 W on the 
high driver setting.  The Beta 60 LED light power consumption results in Tables V-VII b) show 
that the light consumed as little as 98 W on the low driver setting and as much as 125 W on the 
high driver setting.  The Dolphin 90 and Dolphin 120 LED light power consumption results in 
Tables VIII-IX b) show that the lights consumed about 90 W and 137 W, respectively.  The HPS 
150 and HPS 250 light power consumption results in Tables X-XI b) show that the lights 
consumed about 194 W and 280 W, respectively.  It was also observed that all the LED based 
street lights consumed about 1 W more for a short period of time after starting up, while the HPS 
lights tended to take about 10 minutes to warm up after startup consuming a higher level of 
power and then dropping off as the testing time progressed.  We tried to capture both scenarios in 
the tabulated data, but when the test was conducted for the HPS 250, the light was already 
warmed up from a previous test run.  We did notice and document the warm up effect during that 
test run. 
Light Spectrum Analysis 
The stray light spectrum shown in Figure 33 taken before the initial spectrum test with all the 
illuminaires turned off in the garage indicated very low power spectral density values across the 
photopic spectrum.  The photopic power spectral density plots illustrate two important results 
with respect to HPS and LED street lights.  Examining Figures 34-36, the first important result is 
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that the LED street lights have a significant amount of predominantly blue spectrum light 
peaking around the 450 nm wavelength with a lower (about half) and relatively flat spectrum 
across the green, yellow, orange, and red parts of the spectrum from 500 to 650 nm.  Examining 
Figures 37 and 39, the second important result is that the HPS street lights have spectral power 
density peaks in the yellow, orange and red part of the spectrum as well as a significant peak 
(double the visible spectrum peaks) of near infrared light around 820 nm.  Figure 38 shows the 
stray light spectrum measurements across the spectrum of data taken including the lower half of 
the near infrared spectrum from 740 nm to 850 nm.  The large power spectral density peak in the 
near infrared spectrum for the HPS lights indicates a significant energy loss component 
contributing to infrared radiation rather than visible light.  
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CHAPTER 3 - INTERPRETATION, APPRAISAL, AND APPLICATIONS 
General Recommendations 
AASHTO Standards 
Based on the findings for photopic illuminance using the IES LM-79 testing standards [4] at 
the road surface for on street light mounting heights of 10, 20, and 30 feet presented in Chapter 
2, the LED street lights do not meet AASHTO roadway minimum photopic illuminance 
standards as listed in Table 3-5a from Roadway Lighting Design Guide [3] (see Appendix A1).  
In order to meet the standards the average illuminance along longitudinal lines in the middle of 
the lanes over one luminaire cycle (distance between light poles on the same side of the road) 
must be greater than the prescribed minimums for different classes and surfaces of roads using a 
maximum of 25 ft between measurement points [3].   
In our study the illuminance values at rectangular grids points at two feet intervals along four 
longitudinal lines (two for each lane) at ¼ and ¾ of the lane widths (12 feet) were interpolated 
from the measured data at a 10 feet mounting height for mounting heights of 20 and 30 feet and 
averaged to determine the average illuminance as listed in Table I below.   
Table I: Average Illuminance on Two-Lane Roadway 
Illuminaire 
Average Illuminance (fc) 
for Mounting Height 
20 Feet 30 Feet 
Beta 40 Low 0.1439 0.0593 
Beta 40 Mid 0.2103 0.0853 
Beta 40 High 0.2865 0.1189 
Beta 60 Low 0.4951 0.2073 
Beta 60 Mid 0.5202 0.2152 
Beta 60 High 0.5530 0.2300 
Dolphin 90 0.3737 0.1849 
Dolphin 120 0.5536 0.2628 
HPS 150 0.7290 0.3051 
HPS 250 1.3354 0.5536 
Our results indicate that the Beta 40 LED and Beta 60 LED on the low, mid, and high driver 
setting and the Dolphin 90 and Dolphin 120 LED street lights do not meet the AASHTO 
requirements for minimum average illuminance for local roadways for all land use (commericial, 
intermediate, residential) and pavement types (R1-R4) at a 30 feet mounting height.  The HPS 
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150 only meets the residential land use minimum for R1 pavements, while the HPS 250 
residential land use minimums for R1-R4 pavements and the intermediate land use minimum for 
R1 pavements at the 30 feet mounting height.  If the mounting height is lowered to 20 feet, the 
Beta 40 LED street lights on the low, mid, and high driver settings do not meet the AASHTO 
requirements for minimum average illuminance for local roadways for all land use and pavement 
types.  The Dolphin 90 meets the AASHTO requirement for local residential roadways with R1 
pavement type, while the Dolphin 120 meets residential land use minimums for R1-R4 
pavements and the intermediate land use minimum for R1 pavements at the 20 feet mounting 
height.  The HPS 150 and HPS 250 street lights exceed the AASHTO requirements for minimum 
average illuminance for local roadways in all categories at the 20 feet mounting height, except 
for the HPS 150 for commercial land use with R2-R4 pavement types.   
Given the fact the HPS based street lights are providing more illuminance than the required 
minimum average, another approach to energy savings could be the reduction in the supply 
voltage level and even replacing higher wattage HPS fixtures with lower wattage ones.  The 
distance between light poles for a local Fairbanks roadway would need to be decreased by as 
much as 1/3 for light mounting heights of 30 feet in order for the LED based street lights tested 
to meet all the minimum average illuminance standards for local roadways for all land use and 
road pavement types.  Also note that this does not take into account the degradation in the 
illuminance of the LEDs over time, so for design purposes a safety factor of say 1/2 the current 
distance between poles might need to be used for LED street lights and/or mounted at a lower 
height.  
Power Consumption and Energy Savings Potential 
The energy savings potential of LED street lights can be determined based on simple 
payback relative to the cost of continuing to operate and maintain the existing HPS street lights 
versus capital and installation replacement and operating costs for the LED street lights.  Let’s 
consider the scenario of replacing 1000 HPS 150 street lights with Beta 60 LED street lights on 
the high driver setting as tested at a cost of $1000 each, with $100 per light in installation costs 
and a 36% reduction in power consumption from 195 W to 125 W.  Let us also assume that the 
HPS lamp and LED light bar replacement schedule is roughly the same in economic terms.  For 
electricity costs at $0.15 per kW-hr and considering a daily average operating time of 12 hours 
based on summer and winter daylight hours, the annual electricity costs savings is:  
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Annual COE Savings = (COEHPS – COELED)*1000 =  
($0.15/kW-hr)(0.195 kW – 0.125 kW) * 8760 hr/2 *1000 = ($128.12 - $82.13)*1000 = 
$45.99 * 1000 = $45,990.00 
If we first assume that the lights can be mounted on the existing poles without the need to add 
additional poles to decrease the distance between illuminaires and interest free money (grant or 
part of the cities capital budget), then the total capital cost to replace the HPS street lights with 
LED street lights is: 
Replacement Costs = (Capital Cost + Installation Cost)*1000 = ($1000+$100)*1000 = 
$1100*1000 = $1.1M 
The simple payback based solely on annual electricity savings is: 
Simple Payback = Annual COE Savings/Replacement Costs = $1.1M/$45.99k = 23 years 
There is no need to even pursue further payback analysis including the cost of adding additional 
poles or including interest as the payback will only increase in years. 
Of course we could also argue that the carbon footprint is reduced by 36% based on the energy 
savings, but if the carbon footprint of manufacturing the new LED street lights and installing 
additional poles is considered, then that would also cancel out the carbon footprint reduction due 
to energy savings. 
Color Spectrum 
The predominantly blue color spectrum and the quality of the light from LED street lights 
observed during the testing also raises concerns.  The predominantly blue spectrum light at a 
shorter wavelength and higher color temperatures tends to cause visually impairing reflections 
and halos around objects for those wearing prescription glasses.  This is most likely due to 
ultraviolet protective coating used on the lenses causing greater refraction of the shorter 
wavelength light from the lenses.  Although the blue color spectrum tends to be the better light 
from a psychological “happy” perspective, close attention needs to be paid to the color 
temperature of the light.  Using a lower color temperature of say 3800K versus 4000K or 5000K 
for the shorter wavelength light could improve the quality of the light from LEDs for 
illumination purposes.    
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CHAPTER 4 - CONCLUSIONS AND SUGGESTED RESEARCH  
Conclusions 
This report documented the findings, analysis, and interpretation of testing LED street lights 
using IES LM-79 standards for road level photopic illuminance, power consumption, and light 
spectrum to support AKDOTs recommendations concerning their application on Alaska 
roadways.  Two power levels of Beta LED, Everlight LED, and traditional high pressure sodium 
(HPS) street lights were tested and compared to AASHTO roadway illuminance specifications.  
The results showed that LED street lights provide predominantly blue spectrum light with less 
than half the illuminance of HPS street lights, but at 20% to 75% of the power consumption.   
Three distinct conclusions can be drawn from these findings: 
1) Two of the LED street lights tested (Beta 40 and Dolphin 90) need improvement in 
minimum average illuminance along the roadway in order to meet AASHTO standards. 
This would mean that the Beta 40 LED light would need to operate on the high driver 
setting and that we would need to install a Dolphin 120 LED light at a minimum to avoid 
the need to space the poles closer together.  
2) The marked decrease in power consumption achieved by performing a strict replacement 
of an HPS street light with an LED street light that meets AASHTO standards given the 
current pole placement provides a considerable reduction in annual electricity costs.  
However, the simple payback given the capital and installation cost of the LED lamps has 
been shown to exceed 20 years given 1000 lamps at $1100 each including installation and 
a $0.15/ kW-hr energy cost.    
3) Reduction in the color temperature of LED street lights is needed to help alleviate the 
reflection or halo effect that researchers on this project and others observed with the 4000 
K or 5000 K color temperature of the shorter wavelength blue spectrum light. This is 
particularly an issue for those wearing prescription glasses with ultraviolet protective 
coating that refracts more of the shorter wavelength light. 
In general these findings suggest that LED street lights need improvement in illuminance and 
color quality before they are considered as strict replacements for HPS street lights. To that end, 
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increased illuminance will likely require the use of more LEDS resulting in higher power 
consumption and less energy savings over continuing to use the HPS street lights. 
Suggested Research 
Further investigation and testing in the area of LED street lighting should be conducted as 
follows: 
1) The testing procedures for LED street lights with a significantly different light color 
spectrum than HPS lights are slightly different than HPS lights. Consequently, there is a 
need to evaluate the scotopic and photopic spectrums independently of each other as 
documented in [1].  The IES is currently working on solid-state lighting addendums to 
RP-16-05: Nomenclature and Definitions for Illuminating Engineering as part of the IES 
LM-69-95 (CIE TC1-69): IES Approved Guide for the Interpretation of Roadway 
Luminaire Photometric Reports that includes light quality (scotopic vs. photopic 
spectrum and temperature) as part of the procedures for LED roadway lighting.  
AASHTO is also planning to change its national standards to accommodate LED street 
lighting. 
2) The new Beta Edge and other brands of LED street lights with the IES Type III light 
engine should be evaluated using the new testing procedures and standards to determine 
if they meet AASHTO minimum average illuminance and light quality standards. 
3) Professional studies of the effect LED roadway lighting on vision due to the shorter 
wavelength light in the blue spectrum should continue so that more cases of impaired 
vision can be documented and adjustments made to the color quality of LED street 
lighting. 
4) Investigate the possibility of lowering the power consumption of existing HPS street 
lights by reducing the supply voltage and/or lamp wattage.  
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APPENDIX A: AASHTO Roadway Lighting Design Illuminance Values; Street 
Lights, Light Meter, Power Meter, and Spectraradiometer Specification and Data 
Sheets 
 
AASHTO Roadway Lighting Design Guide, Table 3-5a: Illuminance and Luminance 
Design Values (English)  
 
Street Light Data/Specification Sheets: 
Beta 40 LED (BXSL03034B-UR) 
Beta 60 LED (BXSL03051B-VR) 
Everlight Americas Dolphin 90 (SL-Dolphin/100240AC/PH90B) 
Everlight Americas Dolphin 120 (SL-Dolphin/100240AC/PH120B) 
American Electric Lighting 115 HPS (115-15-S-MR-240-R2-FG-DF-HP-UL) 
General Electric M-400A HPS (MDCL-25-S-3-A-1-2-F-MC3-2-FU) 
 
Light Meter, Power Analyzer, and Spectroradiometer Data/Specification Sheets: 
Extech HD450 Light Meter Specification/Data Sheet  
Fluke 43B Power Quality Analyzer Specification/Data Sheet  
Apogee PS-300 Spectroradiometer Specification/Data Sheet 
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AASHTO Roadway Lighting Design Guide, Table 3-5a: Illuminance and Luminance Design Values (English) 
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Beta 40 LED (BXSL03034B-UR) and Beta 60 LED (BXSL03051B-VR)  
Street Light Specification/Data Sheets 
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Everlight Americas Dolphin 90 (SL-Dolphin/100240AC/PH90B) and  
Dolphin 120 (SL-Dolphin/100240AC/PH120B) Street Light Specification/Data Sheets 
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American Electric Lighting 115 HPS (115-15-S-MR-240-R2-FG-DF-HP-UL)  
Street Light Specification/Data Sheets 
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General Electric M-400A HPS (MDCL-25-S-3-A-1-2-F-MC3-2-FU) Street Light 
Specification/Data Sheets 
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Extech HD450 Light Meter Product Data Sheets 
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Fluke 43B Power Quality Analyzer Specification/Data Sheet 
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Apogee PS-300 Spectroradiometer Specification/Data Sheets 
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APPENDIX B: Tables I-X of a) Measured Illuminance at Floor Level b) Electrical 
Parameters, and c) Measured lluminance Levels at 2, 4, and 6 Foot Heights on 
Measurement Grid 
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Table II: Beta 40 LED (Low Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 
6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90
2 3.21 3.27 3.25 3.35 3.42 3.49 3.49 3.46 3.47 3.42 3.35 3.06 3.22
4 1.97 2.17 2.59 2.68 2.70 3.15 3.45 3.57 3.51 3.34 3.06 2.72 3.15
6 1.83 1.94 2.36 3.11 3.52 3.07 2.96 2.94 2.88 2.78 2.65 2.32 3.20
8 2.05 1.97 1.84 2.21 2.88 2.62 2.15 1.99 2.02 2.08 2.71 1.68 3.05
10 1.79 1.71 1.64 1.38 1.79 1.76 1.52 1.44 1.58 1.75 1.79 1.32 2.53
12 1.17 1.08 1.24 1.16 1.09 1.21 1.36 1.24 0.97 1.97
14 1.00 0.75 0.87 0.85 0.85 1.06 0.98 0.92 0.58 1.03
16 0.63 0.59 0.62 0.65 0.75 0.82 0.78 0.38 0.76
18 0.55 0.44 0.44 0.48 0.79 0.62 0.63 0.22
20 0.49 0.34 0.30 0.39 0.64 0.51 0.35
22 0.39 0.26 0.26 0.33 0.46 0.34 0.21
24 0.22 0.24 0.26 0.32 0.26
26 0.18 0.20 0.24 0.23 0.18
28 0.15 0.18 0.20 0.18 0.13
30 0.13 0.15 0.16 0.14
32 0.12 0.13 0.14 0.12
34 0.10 0.11 0.12 0.10
36 0.08 0.09 0.10 0.08
38 0.04 0.07 0.08 0.06
40 0.04 0.06 0.07 0.04
42 0.03
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 2:45 PM 121 0.196 60 23 0.96 0.97 13.6 
3:36 PM 121.1 0.194 60 22 0.95 0.97 13.8 
E: 4:15 PM 121.4 0.193 60 22 0.95 0.97 14 
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c) 
0 45 90 135 180
0 4.80 4.80 4.80 4.80 4.80
4 3.16 5.39 5.46 5.43 5.13
8 3.09 2.37 2.72 2.87 4.06
12 1.44 1.22 1.54 1.65
16 0.61 0.73 0.65
20 0.45 0.30
24 0.32 0.13
28 0.13 0.04
32 0.04
36 0.00
40 0.00
0 45 90 135 180
0 10.32 10.32 10.32 10.32 10.32
4 5.78 9.63 7.82 7.69 9.36
8 2.36 3.36 2.63 3.12 4.32
12 0.39 0.89 1.14 1.31
16 0.54 0.37 0.26
20 0.18 0.18
24 0.05 0.05
28 0.02 0.02
32 0.00
36 0.00
40 0.00
0 45 90 135 180
0 16.76 16.76 16.76 16.76 16.76
4 12.90 10.04 10.26 11.97 2.40
8 0.65 1.32 2.27 3.00 0.26
12 0.07 0.65 0.39 0.12
16 0.14 0.07
20 0.01 0.03
24 0.00 0.01
28 0.00 0.00
32 0.00
36 0.00
40 0.00
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table III: Beta 40 LED (Medium Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 
4, & 6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84
2 4.87 4.77 4.70 4.46 4.79 4.97 4.98 4.98 4.94 4.94 4.87 4.80 4.64
4 2.84 3.12 3.68 3.70 3.81 4.50 4.96 5.14 5.02 4.79 4.42 4.43 4.56
6 2.65 2.78 3.34 4.29 5.05 4.43 4.28 4.28 4.16 4.01 3.84 3.92 4.59
8 3.01 2.87 2.60 3.18 4.06 3.76 3.12 2.91 2.91 2.97 3.17 3.35 4.39
10 2.61 2.46 2.36 1.97 2.60 2.52 2.19 2.06 2.25 2.51 2.58 2.45 3.63
12 1.70 1.56 1.74 1.69 1.57 1.75 1.96 1.80 1.93 2.83
14 1.44 1.08 1.26 1.24 1.22 1.52 1.42 1.33 1.48 1.47
16 0.90 0.86 0.90 0.93 1.08 1.18 1.14 0.90 1.08
18 0.79 0.64 0.63 0.69 1.16 0.89 0.92 0.55
20 0.69 0.51 0.47 0.55 0.91 0.72 0.52 0.37
22 0.55 0.39 0.39 0.47 0.67 0.52 0.32
24 0.31 0.34 0.39 0.48 0.35
26 0.26 0.29 0.34 0.33 0.25
28 0.23 0.26 0.28 0.26 0.17
30 0.20 0.23 0.24 0.21
32 0.17 0.18 0.18 0.17
34 0.14 0.14 0.14 0.15
36 0.11 0.12 0.12 0.12
38 0.07 0.10 0.09 0.09
40 0.00 0.10 0.07 0.07
42 0.06
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 11:13 AM 120.6 0.29 60 34 0.98 0.99 11.4 
11:27 AM 120.7 0.285 60 34 0.97 0.98 11.5 
12:21 PM 120.7 0.283 60 33 0.97 0.98 11.5 
E: 1:24 PM 120.9 0.282 60 33 0.97 0.98 11.6 
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c) 
0 45 90 135 180
0 7.21 7.21 7.21 7.21 7.21
4 4.40 8.52 7.43 7.51 7.33
8 5.06 3.67 3.46 4.44 5.92
12 1.98 1.65 2.31 2.28
16 0.89 1.14 1.09
20 0.65 0.47
24 0.31 0.25
28 0.12 0.13
32 0.08
36 0.01
40 0.03
0 45 90 135 180
0 12.21 12.21 12.21 12.21 12.21
4 8.71 13.35 10.78 11.19 12.67
8 3.27 4.86 3.53 5.26 6.35
12 0.64 1.67 2.05 1.82
16 0.79 0.69 0.45
20 0.39 0.26
24 0.12 0.08
28 0.06 0.07
32 0.03
36 0.03
40 0.02
0 45 90 135 180
0 19.45 19.45 19.45 19.45 19.45
4 15.65 13.42 14.39 16.34 24.45
8 1.26 1.48 3.15 4.12 3.89
12 0.11 0.89 0.67 0.39
16 0.26 0.25 0.19
20 0.03 0.09
24 0.01 0.03
28 0.02 0.02
32 0.01
36 0.02
40 0.01
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table IV: Beta 40 LED (High Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 
6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14 7.14
2 5.60 5.85 5.77 5.91 6.18 6.46 6.47 6.40 6.33 6.37 6.35 6.26 6.03
4 5.59 3.94 4.69 4.88 4.94 5.84 6.46 6.69 6.54 3.25 5.73 5.75 5.98
6 3.42 3.61 4.38 5.78 6.59 5.80 5.57 5.52 5.38 5.21 4.97 5.10 6.00
8 3.87 3.71 3.40 4.11 5.34 4.87 4.08 3.76 3.77 3.86 4.12 4.36 5.78
10 3.26 3.21 3.08 2.56 3.34 3.27 2.86 2.67 2.94 3.28 3.33 3.17 4.76
12 2.20 2.00 2.29 2.17 2.04 2.24 2.55 2.30 2.50 3.64
14 1.86 1.40 1.60 1.59 1.58 1.97 1.84 1.72 1.91 1.94
16 1.18 1.08 1.15 1.20 1.41 1.53 1.41 1.15 1.43
18 1.03 0.81 0.81 0.89 1.46 1.15 1.16 0.71
20 0.91 0.64 0.57 0.73 1.18 0.93 0.65 0.48
22 0.72 0.49 0.50 0.62 0.87 0.61 0.39
24 0.39 0.43 0.50 0.61 0.45
26 0.33 0.38 0.43 0.47 0.32
28 0.29 0.33 0.36 0.33 0.22
30 0.26 0.27 0.30 0.26
32 0.21 0.24 0.23 0.22
34 0.17 0.17 0.17 0.18
36 0.13 0.13 0.13 0.14
38 0.09 0.11 0.11 0.11
40 0.08 0.10 0.09 0.09
42 0.07
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 5:15 PM 120.7 0.398 60 47 0.98 0.99 9.4 
5:51 PM 121.4 0.388 60 46 0.98 0.99 10 
E: 6:04 PM 121.1 0.389 60 46 0.98 0.99 9.8 
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c) 
0 45 90 135 180
0 11.10 11.10 11.10 11.10 11.10
4 5.94 11.08 10.03 9.90 9.49
8 6.05 4.28 4.44 5.61 7.51
12 2.50 1.90 2.92 3.08
16 1.08 1.01 1.19
20 0.80 0.56
24 0.44 0.26
28 0.23 0.15
32 0.09
36 0.04
40 0.03
0 45 90 135 180
0 19.42 19.42 19.42 19.42 19.42
4 11.43 15.68 14.02 13.54 16.59
8 4.33 6.04 4.18 5.56 7.78
12 0.79 2.11 2.29 2.50
16 1.15 0.54 0.36
20 0.29 0.34
24 0.15 0.13
28 0.07 0.05
32 0.03
36 0.02
40 0.02
0 45 90 135 180
0 28.29 28.29 28.29 28.29 28.29
4 21.55 17.91 18.68 22.60 33.24
8 1.39 1.93 4.84 5.38 4.76
12 0.15 1.47 0.77 0.52
16 0.30 0.22 0.26
20 0.09 0.10
24 0.08 0.05
28 0.02 0.02
32 0.01
36 0.01
40 0.01
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table V: Beta 60 LED (Low Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 
6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66
2 9.87 10.33 10.28 10.49 10.70 11.05 11.03 10.96 10.84 10.69 10.64 10.54 10.02
4 6.06 6.56 7.75 8.36 8.55 10.10 11.09 11.52 11.16 10.52 9.57 9.41 9.72
6 5.80 6.18 7.38 9.68 11.15 9.96 9.34 9.84 8.88 8.78 7.77 7.74 9.44
8 6.61 6.44 5.69 6.74 8.93 8.30 6.63 6.02 5.83 5.79 6.62 7.25 9.69
10 5.69 5.55 5.24 4.13 5.46 5.54 4.53 3.98 4.17 5.26 5.27 5.02 8.41
12 3.79 3.26 3.88 3.46 3.05 3.14 3.45 3.31 4.06 6.07
14 3.27 2.26 2.75 2.68 2.48 2.57 2.86 3.05 3.32 3.02
16 1.98 1.94 2.01 2.00 2.26 3.15 3.02 2.07 2.49
18 1.84 1.50 1.57 1.71 2.87 2.82 2.27 1.47
20 1.57 1.15 1.27 1.46 2.82 1.84 1.63 1.14
22 1.20 0.93 1.14 1.39 2.05 1.44 1.15
24 0.82 1.01 1.21 1.33 1.17
26 0.76 0.87 1.02 1.07 0.87
28 0.67 0.71 0.79 0.85 0.65
30 0.55 0.55 0.61 0.67
32 0.44 0.42 0.45 0.52
34 0.35 0.31 0.34 0.44
36 0.27 0.25 0.25 0.34
38 0.17 0.20 0.19 0.27
40 0.16 0.17 0.14 0.23
42 0.18
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 10:16 AM 120.7 0.808 60 98 1 1 3.4 
10:28 AM 120.7 0.802 60 97 1 1 3.5 
E: 10:42 AM 121.1 0.799 60 97 1 1 3.9 
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c) 
0 45 90 135 180
0 14.34 14.34 14.34 14.34 14.34
4 9.07 14.63 16.97 15.81 15.22
8 11.05 6.78 7.29 8.55 12.15
12 4.82 4.15 5.53 4.77
16 1.63 3.35 2.52
20 1.88 1.76
24 1.07 0.99
28 0.54 0.62
32 0.29
36 0.15
40 0.11
0 45 90 135 180
0 32.47 32.47 32.47 32.47 32.47
4 17.73 26.03 23.24 18.34 25.62
8 6.99 10.20 8.10 7.53 13.44
12 1.15 3.85 5.33 4.38
16 2.48 2.39 1.24
20 0.97 0.87
24 0.40 0.44
28 0.15 0.21
32 0.08
36 0.08
40 0.01
0 45 90 135 180
0 *66.2 *66.2 *66.2 *66.2 *66.2
4 32.45 28.59 26.78 30.82 *51.8
8 1.86 4.52 7.75 13.04 10.30
12 0.08 3.71 3.84 1.75
16 0.65 0.39 0.44
20 0.15 0.14
24 0.04 0.08
28 0.04 0.05
32 0.02
36 0.00
40 0.00
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table VI: Beta 60 LED (Medium Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 
4, & 6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15
2 11.42 11.69 11.60 11.66 11.93 12.30 12.23 11.97 11.91 11.71 11.61 11.50 10.98
4 6.88 7.36 8.77 9.34 9.47 11.21 12.31 12.64 12.28 11.49 10.45 10.32 10.60
6 6.45 6.90 8.22 10.76 12.36 10.96 10.37 10.27 9.74 9.06 8.48 8.49 10.36
8 7.35 7.12 6.36 7.57 9.94 9.18 7.38 6.57 6.39 6.42 7.30 7.98 10.57
10 6.39 6.20 5.81 4.60 6.10 6.07 5.00 4.37 4.59 5.77 5.77 5.47 9.19
12 4.19 3.66 4.32 3.82 3.33 3.38 3.81 3.61 4.37 6.59
14 3.63 2.49 3.04 2.94 2.69 2.82 3.17 3.36 2.59 3.30
16 2.19 2.15 2.22 2.20 2.49 3.47 3.33 2.23 2.69
18 2.02 1.65 1.71 1.86 3.14 3.05 2.48 1.62
20 1.72 1.27 1.41 1.59 3.12 2.00 1.76 1.38
22 1.35 1.03 1.24 1.49 2.20 1.57 1.23
24 0.91 1.10 1.28 1.43 1.26
26 0.83 0.94 1.11 1.16 0.95
28 0.74 0.80 0.86 0.87 0.72
30 0.60 0.63 0.65 0.72
32 0.49 0.48 0.48 0.57
34 0.35 0.37 0.36 0.47
36 0.30 0.28 0.26 0.36
38 0.22 0.22 0.19 0.28
40 0.14 0.18 0.14 0.23
42 0.19
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 9:35 AM 121 0.929 60 112 1 1 2.8 
9:50 AM 120.5 0.917 60 110 1 1 2.9 
E: 10:10 AM 120.5 0.909 60 109 1 1 3.2 
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c) 
0 45 90 135 180
0 14.36 14.36 14.36 14.36 14.36
4 10.43 16.57 17.87 16.91 16.49
8 12.36 8.23 7.82 9.48 14.15
12 5.71 3.56 5.36 5.38
16 1.99 3.71 2.89
20 1.65 1.82
24 0.89 0.90
28 0.48 0.45
32 0.17
36 0.10
40 0.04
0 45 90 135 180
0 23.51 23.51 23.51 23.51 23.51
4 *20.3 32.42 25.67 25.38 28.13
8 8.97 12.76 8.51 9.77 14.90
12 1.82 4.07 6.61 5.25
16 2.27 2.53 1.49
20 1.01 1.17
24 0.34 0.52
28 0.15 0.18
32 0.07
36 0.04
40 0.02
0 45 90 135 180
0 *44.4 *44.4 *44.4 *44.4 *44.4
4 *40.1 34.60 28.91 35.45 *59.4
8 3.12 5.29 9.41 15.13 10.63
12 0.38 3.91 3.42 1.38
16 0.73 0.92 0.43
20 0.17 0.29
24 0.09 0.13
28 0.04 0.08
32 0.03
36 0.02
40 0.00
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table VII: Beta 60 LED (High Driver Setting) a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, 
& 6 Feet Heights on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42
2 11.53 11.80 11.84 11.91 12.19 12.58 12.59 12.52 12.35 12.18 11.99 12.01 11.58
4 6.97 7.58 8.92 9.61 9.84 11.64 12.78 13.23 12.76 12.00 10.89 10.61 11.14
6 6.64 7.14 8.52 11.16 12.76 11.25 10.62 10.62 10.13 9.38 8.83 8.70 10.92
8 7.63 7.36 6.51 7.66 10.31 9.44 7.59 6.81 6.57 6.66 7.61 8.23 11.10
10 6.62 6.34 6.03 4.75 6.28 6.24 5.16 4.55 4.79 5.95 6.01 5.68 9.68
12 7.35 3.71 4.39 3.96 3.46 3.55 3.88 3.70 4.60 6.80
14 3.75 2.59 3.11 3.06 2.81 2.95 3.29 3.51 3.80 3.42
16 2.26 2.20 2.30 2.30 2.63 3.64 3.44 2.36 2.85
18 2.13 1.71 1.81 1.93 3.28 3.14 2.55 1.70
20 1.79 1.31 1.45 1.70 3.24 2.07 1.82 1.30
22 1.42 1.06 1.30 1.60 2.28 1.62 1.28
24 0.95 1.16 1.35 1.43 1.29
26 0.89 0.99 1.14 1.21 0.97
28 0.77 0.81 0.88 0.96 0.74
30 0.63 0.64 0.66 0.76
32 0.50 0.49 0.50 0.59
34 0.39 0.38 0.37 0.49
36 0.31 0.29 0.26 0.38
38 0.22 0.23 0.20 0.30
40 0.19 0.19 0.14 0.26
42 0.20
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
 
b) 
 Electrical 
Parameters 
      
       
 Voltage Current Frequency Power PF DPF %THD r 
S: 10:46 AM 120.6 1.034 60 125 1 1 2.8 
10:58 AM 121.1 1.03 60 125 1 1 2.9 
E: 11:14 AM 121 1.026 60 124 1 1 3.1 
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c) 
0 45 90 135 180
0 14.15 14.15 14.15 14.15 14.15
4 *10.7 17.67 20.25 19.49 18.34
8 *12.08 7.95 8.26 10.40 14.76
12 5.70 4.86 5.35 5.87
16 2.59 3.74 3.08
20 2.07 2.07
24 1.19 1.08
28 0.45 0.56
32 0.32
36 0.06
40 0.04
0 45 90 135 180
0 31.65 31.65 31.65 31.65 31.65
4 *21.4 31.67 26.75 26.84 31.37
8 *8.8 12.36 9.70 10.62 16.03
12 2.10 4.71 6.43 6.73
16 3.20 2.79 1.69
20 1.24 1.23
24 0.42 0.52
28 0.23 0.28
32 0.08
36 0.05
40 0.02
0 45 90 135 180
0 *48.9 *48.9 *48.9 *48.9 *48.9
4 *38.5 35.23 30.40 35.40 *61.3
8 3.26 6.23 9.96 16.50 14.09
12 0.33 4.95 3.36 2.31
16 1.14 0.94 0.56
20 0.19 0.31
24 0.11 0.13
28 0.05 0.11
32 0.03
36 0.02
40 0.02
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table VIII: Dolphin 90 LED a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 6 Feet Heights 
on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95
2 6.65 6.83 6.91 6.68 6.62 6.66 6.71 6.84 7.10 7.38 7.75 7.95 8.06
4 5.70 5.81 5.86 5.84 5.70 5.79 5.88 6.11 6.95 7.75 8.33 8.78 9.15
6 4.70 4.77 4.91 4.95 4.83 4.87 4.91 5.21 6.31 7.10 7.24 7.14 7.04
8 3.28 3.33 3.54 3.75 3.89 4.10 4.23 4.58 5.39 5.42 4.80 4.54 4.27
10 2.29 2.25 2.38 2.65 3.08 4.04 4.45 4.77 4.54 3.53 3.05 2.89 2.84
12 1.75 2.48 3.87 4.00 4.28 3.89 2.24 2.03 1.99 1.85
14 1.19 2.04 3.02 2.93 3.15 3.00 1.59 1.42 1.38 1.23
16 1.66 2.17 2.19 2.32 2.09 1.18 0.96 0.90 0.86
18 1.74 1.53 1.57 1.70 1.35 0.96 0.66 0.63
20 0.91 1.05 1.17 1.26 0.93 0.73 0.48 0.49
22 0.66 0.79 0.90 0.96 0.69 0.56 0.37
24 0.57 0.68 0.74 0.45 0.44
26 0.43 0.50 0.56 0.36 0.33
28 0.31 0.37 0.41 0.29 0.26
30 0.22 0.28 0.32 0.24
32 0.16 0.24 0.26 0.19
34 0.12 0.18 0.21 0.15
36 0.09 0.15 0.17 0.12
38 0.05 0.13 0.15 0.09
40 0.05 0.12 0.13 0.07
42 0.05
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 11:45 AM 120.9 0.774 60 90 0.96 1 24.2 
11:57 AM 120.8 0.758 60 89 0.97 1 22.6 
E: 12:10 PM 120.6 0.749 60 88 0.97 1 20.6 
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c) 
0 45 90 135 180
0 10.52 10.52 10.52 10.52 10.52
4 8.72 8.99 8.93 11.92 13.68
8 3.99 4.18 8.26 5.90 5.17
12 1.78 3.81 2.48 2.10
16 1.64 1.27 0.82
20 0.77 0.68
24 0.39 0.35
28 0.20 0.29
32 0.15
36 0.08
40 0.06
0 45 90 135 180
0 19.60 19.60 19.60 19.60 19.60
4 12.40 13.82 13.80 18.29 18.94
8 3.86 3.94 8.99 5.27 4.97
12 1.62 3.15 2.23 1.56
16 1.04 0.85 0.61
20 0.41 0.45
24 0.26 0.26
28 0.13 0.13
32 0.08
36 0.06
40 0.04
0 45 90 135 180
0 *43.1 *43.1 *43.1 *43.1 *43.1
4 14.92 16.67 34.73 22.08 21.59
8 3.08 3.68 7.64 4.86 3.16
12 1.04 1.34 1.06 0.73
16 0.40 0.49 0.18
20 0.16 0.13
24 0.07 0.04
28 0.05 0.04
32 0.03
36 0.02
40 0.01
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table IX: Dolphin 120 LED a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 6 Feet Heights 
on Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76
2 11.74 11.90 11.84 11.67 11.68 11.96 12.15 12.53 13.39 13.90 14.53 14.83 14.95
4 10.34 10.38 10.60 10.52 10.40 10.64 11.03 11.71 13.26 13.86 14.04 14.39 14.58
6 7.92 8.02 8.29 8.66 8.81 9.07 9.41 10.26 11.18 11.18 11.08 11.08 11.01
8 5.86 5.88 6.05 6.32 6.94 7.84 8.52 9.26 8.77 8.22 7.84 7.89 7.51
10 4.33 4.18 4.28 4.57 5.43 7.32 8.33 8.74 7.14 5.93 5.36 5.20 5.04
12 3.23 4.35 6.26 6.97 7.10 5.84 4.30 3.68 3.35 3.14
14 2.28 3.51 4.73 5.17 5.19 4.43 3.13 2.41 2.23 2.18
16 2.72 3.42 3.72 3.67 3.19 2.25 1.63 1.49 1.35
18 2.01 2.37 2.56 2.53 2.20 1.64 1.13 1.05
20 1.45 1.64 1.86 1.82 1.65 1.15 0.82 0.78
22 1.09 1.20 1.36 1.32 1.16 0.86 0.64
24 0.90 0.96 0.93 0.81 0.66
26 0.67 0.68 0.67 0.65 0.48
28 0.50 0.50 0.49 0.48 0.38
30 0.38 0.39 0.38 0.39
32 0.29 0.31 0.30 0.29
34 0.22 0.24 0.24 0.25
36 0.18 0.20 0.19 0.19
38 0.13 0.16 0.16 0.15
40 0.12 0.14 0.13 0.13
42 0.08
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 12:32 PM 120 1.153 60 137 0.99 0.99 9.4 
12:50 PM 120.3 1.13 60 134 0.99 0.99 9.9 
E: 1:03 PM 120 1.126 60 133 0.99 0.99 10.5 
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c) 
0 45 90 135 180
0 10.32 10.32 10.32 10.32 10.32
4 15.27 16.43 16.84 20.89 20.71
8 7.58 8.03 13.98 10.78 9.02
12 3.52 6.47 4.79 3.45
16 2.78 2.11 1.41
20 1.07 1.17
24 0.54 0.56
28 0.30 0.38
32 0.18
36 0.12
40 0.09
0 45 90 135 180
0 16.25 16.25 16.25 16.25 16.25
4 21.18 22.67 26.35 29.87 28.13
8 6.97 8.18 15.73 11.39 7.84
12 2.97 4.75 3.39 2.40
16 1.32 1.41 0.87
20 0.65 0.78
24 0.40 0.37
28 0.18 0.23
32 0.13
36 0.09
40 0.06
0 45 90 135 180
0 *50.3 *50.3 *50.3 *50.3 *50.3
4 27.52 32.92 *56.7 34.50 33.56
8 5.92 5.84 11.08 7.53 5.79
12 1.70 1.95 1.57 1.14
16 0.59 0.70 0.20
20 0.32 0.20
24 0.13 0.09
28 0.10 0.07
32 0.07
36 0.05
40 0.04
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table X: HPS 150 a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 6 Feet Heights on 
Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94
2 19.21 19.84 20.19 20.56 21.56 22.44 23.32 24.00 25.42 26.98 28.04 28.55 28.65
4 11.98 12.88 14.00 15.02 16.70 18.35 19.56 20.27 22.00 23.50 24.56 26.06 25.31
6 7.45 8.05 9.12 10.97 12.59 14.56 15.63 16.61 18.17 17.97 17.41 16.82 17.10
8 4.79 5.15 5.98 7.10 8.74 10.92 12.42 14.75 16.14 13.90 12.18 11.21 10.39
10 3.02 3.24 3.92 4.85 6.03 8.36 10.31 12.72 13.84 11.96 9.00 7.55 7.11
12 3.48 4.34 6.09 7.63 9.52 10.61 8.51 6.57 5.46 4.63
14 2.52 3.22 4.44 5.43 6.81 7.60 6.18 4.60 3.70 3.36
16 2.48 3.28 4.00 4.95 5.26 4.30 3.14 2.58 2.40
18 1.90 2.50 3.12 3.95 3.66 3.02 2.30 1.90
20 1.45 1.92 2.61 3.42 2.63 2.03 1.72 1.40
22 0.92 1.24 2.08 2.93 2.18 1.46 1.35
24 0.73 1.48 2.29 1.76 1.12
26 0.53 1.15 1.80 1.57 0.88
28 0.42 1.00 1.45 1.26 0.68
30 0.35 0.81 1.25 1.18
32 0.29 0.69 1.05 1.05
34 0.25 0.55 0.87 0.99
36 0.20 0.46 0.69 0.84
38 0.13 0.38 0.58 0.72
40 0.13 0.33 0.46 0.62
42 0.52
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical 
Parameters 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 3:54 PM 120.2 1.64 60 192 0.98 0.98 7.1 
4:25 PM 120.4 1.647 60 194 0.98 0.98 7.3 
E: 5:02 PM 120.2 1.644 60 194 0.98 0.99 7.1 
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c) 
0 45 90 135 180
0 *39.4 *39.4 *39.4 *39.4 *39.4
4 *14.1 *19.8 *27.1 *33.8 *33.7
8 *4.9 *6.8 *16.6 *18.2 *12.2
12 *3.2 *6.7 *7.8 *4.1
16 *4.6 *2.9 1.87
20 2.36 1.68
24 1.56 0.78
28 0.91 0.39
32 0.55
36 0.33
40 0.22
0 45 90 135 180
0 *66.3 *66.3 *66.3 *66.3 *66.3
4 *19.4 *28.6 *39.5 *48.2 *43.9
8 *3.6 *7.5 *16.4 *18.1 *11.4
12 *2.6 *7.3 *5.2 *2.8
16 *3.3 *1.5 1.24
20 2.37 0.77
24 0.95 0.32
28 0.42 0.14
32 0.22
36 0.13
40 0.08
0 45 90 135 180
0 *141 *141 *141 *141 *141
4 *18.5 *31.4 *61.6 *84.4 *62.8
8 *2.5 *5.2 *15.4 *15.4 *9.7
12 0.64 *5.8 *4 *3
16 *1.9 0.77 1.06
20 0.78 0.45
24 0.26 0.26
28 0.15 0.17
32 0.12
36 0.08
40 0.06
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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Table XI: HPS 250 a) Floor Level Illuminance, b) Power Consumption, and c) Illuminance at 2, 4, & 6 Feet Heights on 
Measurement Grid 
a) 
0 15 30 45 60 75 90 105 120 135 150 165 180
0 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31
2 32.75 32.05 32.73 33.92 34.60 34.80 34.99 34.79 34.62 34.21 33.35 33.36 29.14
4 25.26 26.34 28.14 29.07 29.15 29.32 29.67 30.79 33.40 33.87 33.86 28.94 13.45
6 19.90 19.86 20.29 21.45 22.91 22.73 22.45 22.95 25.30 27.97 31.84 27.50 16.95
8 15.38 13.64 13.76 15.93 17.76 17.63 17.34 17.63 20.15 22.62 25.86 24.50 12.50
10 9.34 8.80 9.45 11.23 12.37 13.50 13.00 13.49 16.39 18.20 17.82 16.93 8.11
12 8.26 9.14 9.67 10.01 10.65 13.29 14.17 14.47 11.06 5.87
14 6.04 6.98 7.47 7.86 8.68 11.84 11.13 10.35 7.05 3.96
16 5.10 5.73 6.44 7.17 10.18 8.29 6.97 4.87
18 3.74 4.38 5.23 5.78 7.84 6.82 4.45 3.09
20 2.69 3.30 4.32 4.58 6.35 4.85 2.65 1.93
22 1.79 2.35 3.64 3.71 4.86 3.77 1.78
24 1.59 2.90 3.10 3.66 3.13
26 1.09 2.31 2.60 3.52 2.57
28 0.79 1.92 2.11 3.23 2.24
30 0.64 1.60 1.84 2.95
32 0.53 1.34 1.52 2.46
34 0.44 1.05 1.18 2.06
36 0.36 0.80 0.90 1.54
38 0.26 0.60 0.67 1.16
40 0.24 0.48 0.49 0.83
42 0.60
Radial 
Distance (ft)
Illuminance Foot Candles (FC) Along Radial Lines at Given Angles
 
 
b) 
 Electrical Parameters 
After Transformer 
     
      
 Voltage Current Frequency Power PF DPF %THD r 
S: 5:20 PM 223.1 1.397 60 290 0.93 0.94 4.1 
5:33 PM 223.1 1.383 60 281 0.91 0.91 4 
E: 5:44 PM 223.9 1.382 60 282 0.91 0.91 3.9 
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c) 
0 45 90 135 180
0 *55.9 *55.9 *55.9 *55.9 *55.9
4 *33.6 *40.1 *37.8 *47.8 *43.6
8 *16.3 *17.3 *20.6 *26.1 *22.1
12 *6.6 *10.2 *15.1 8.68
16 *7.1 *6.6 2.23
20 *3.5 5.24
24 *1.9 3.63
28 *1.2 2.13
32 *.4
36 0.58
40 0.22
0 45 90 135 180
0 *95.3 *95.3 *95.3 *95.3 *95.3
4 *52.5 *55.7 *59.6 *67.8 *61.8
8 *11 *18.3 *22 *34.5 *21.1
12 *5.5 *10.3 *17.6 4.77
16 *6.7 *7.5 1.22
20 *2.7 4.48
24 *.7 1.31
28 *.1 0.54
32 0.38
36 0.18
40 0.17
0 45 90 135 180
0 *207.4 *207.4 *207.4 *207.4 *207.4
4 *64 *62.8 *76.6 *94.3 *91.4
8 *6.5 *10.7 *20.6 *22.3 *10.2
12 *.14 *7.3 *10.5 1.31
16 *1.2 *1.2 0.45
20 *.2 0.43
24 0.39 0.26
28 0.20 0.24
32 0.13
36 0.12
40 0.11
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 6ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 2ft height
Radial 
Distance (ft)
Illuminance Foot Candles (FC) at 4ft height
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APPENDIX C: Contour and Surface Plots of Measured and Height Adjusted 
Illuminance on Measurement Grid 
 
Figures 3-12: Contour Plots of Illuminance (fc) at Floor Level (0 feet) on 
Measurement Grid with Light at 10 Feet Height 
 
Figures 13-22: Surface Plots of Illuminance (fc) at a) 0, b) 2, c) 4 and d) 6 Feet 
Heights on Measurement Grid 
 
Figures 23-32: Contour Plots of Illuminance (fc) at Floor Level (0 feet) on 
Measurement Grid with Light at a) 20 Feet and b) 30 Feet Height 
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Figures 3-12: Contour Plots of Isoilluminance (fc) at Floor Level (0 feet) on Measurement Grid with Light at 10 Feet Height 
 
 
 
Figure 3: Contour Plot of Isoilluminance (fc) for Beta 40 LED Low Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
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Figure 4: Contour Plot of Isoilluminance (fc) for Beta 40 LED Mid Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
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Figure 5: Contour Plot of Isoilluminance (fc) for Beta 40 LED High Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
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Figure 6: Contour Plot of Isoilluminance (fc) for Beta 60 LED Low Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
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Figure 7: Contour Plot of Isoilluminance (fc) for Beta 60 LED Mid Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
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Figure 8: Contour Plot of Isoilluminance (fc) for Beta 60 LED High Driver Setting at the Floor (0 Feet) Level on Measurement Grid 
 74
 
 
Figure 9: Contour Plot of Isoilluminance (fc) for Dolphin 90 LED at the Floor (0 Feet) Level on Measurement Grid 
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Figure 10: Contour Plot of Isoilluminance (fc) for Dolphin 120 LED at the Floor (0 Feet) Level on Measurement Grid 
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Figure 11: Contour Plot of Isoilluminance (fc) for HPS 150 at the Floor (0 Feet) Level on Measurement Grid 
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Figure 12: Contour Plot of Isoilluminance (fc) for HPS 250 at the Floor (0 Feet) Level on Measurement Grid 
 
 78
Figures 13-22: Surface Plots of Illuminance (fc) at a) 0, b) 2, c) 4 and d) 6 Feet Heights on Measurement Grid 
 
 
 
Figure 13: Surface Plots of Illuminance (fc) for Beta 40 LED Low Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 14: Surface Plots of Illuminance (fc) for Beta 40 LED Mid Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 15: Surface Plots of Illuminance (fc) for Beta 40 LED High Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 16: Surface Plots of Illuminance (fc) for Beta 60 LED Low Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 17: Surface Plots of Illuminance (fc) for Beta 60 LED Mid Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 18: Surface Plots of Illuminance (fc) for Beta 60 LED High Driver Setting at a) 0, b) 2, c) 4 and d) 6 Feet Heights on 
Measurement Grid 
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Figure 19: Surface Plots of Illuminance (fc) for Dolphin 90 LED at a) 0, b) 2, c) 4 and d) 6 Feet Heights on Measurement Grid 
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Figure 20: Surface Plots of Illuminance (fc) for Dolphin 120 LED at a) 0, b) 2, c) 4 and d) 6 Feet Heights on Measurement Grid 
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Figure 21: Surface Plots of Illuminance (fc) for HPS 150 at a) 0, b) 2, c) 4 and d) 6 Feet Heights on Measurement Grid 
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Figure 22: Surface Plots of Illuminance (fc) for HPS 250 at a) 0, b) 2, c) 4 and d) 6 Feet Heights on Measurement Grid 
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Figures 23-32: Contour Plots of Isoilluminance (fc) at Floor Level on Measurement Grid for a) 20 Feet and b) 30 Feet 
Mounting Height 
 
 
 
Figure 23: Contour Plots of Isoilluminance (fc) for Beta 40 LED Low Driver Setting at Floor Level (0 feet) on Measurement Grid with 
Light at a) 20 Feet and b) 30 Feet Height 
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Figure 24: Contour Plots of Isoilluminance (fc) for Beta 40 LED Mid Driver Setting at Floor Level (0 feet) on Measurement Grid with 
Light at a) 20 Feet and b) 30 Feet Height 
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Figure 25: Contour Plots of Isoilluminance (fc) for Beta 40 LED High Driver Setting at Floor Level (0 feet) on Measurement Grid 
with Light at a) 20 Feet and b) 30 Feet Height 
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Figure 26: Contour Plots of Isoilluminance (fc) for Beta 60 LED Low Driver Setting at Floor Level (0 feet) on Measurement Grid with 
Light at a) 20 Feet and b) 30 Feet Height 
 
 
 
 92
 
 
 
 
 
Figure 27: Contour Plots of Isoilluminance (fc) for Beta 60 LED Mid Driver Setting at Floor Level (0 feet) on Measurement Grid with 
Light at a) 20 Feet and b) 30 Feet Height 
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Figure 28: Contour Plots of Isoilluminance (fc) for Beta 60 LED High Driver Setting at Floor Level (0 feet) on Measurement Grid 
with Light at a) 20 Feet and b) 30 Feet Height 
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Figure 29: Contour Plots of Isoilluminance (fc) for Dolphin 90 LED at Floor Level (0 feet) on Measurement Grid with Light at a) 20 
Feet and b) 30 Feet Height 
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Figure 30: Contour Plots of Isoilluminance (fc) for Dolphin 120 LED at Floor Level (0 feet) on Measurement Grid with Light at a) 20 
Feet and b) 30 Feet Height 
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Figure 31: Contour Plots of Isoilluminance (fc) for HPS 150 at Floor Level (0 feet) on Measurement Grid with Light at a) 20 Feet and 
b) 30 Feet Height 
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Figure 32: Contour Plots of Isoilluminance (fc) for HPS 250 at Floor Level (0 feet) on Measurement Grid with Light at a) 20 Feet and 
b) 30 Feet Height 
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APPENDIX D: Figures 33-39: Light Spectrum at a) 0 and b) 6 Feet Heights at the 
Center of Light
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Figure 33: Stray Light Spectrum at a) 0 and b) 6 Feet Heights at the Center of Light 
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Figure 34: Light Spectrum for Beta 40 LED on a) Low, b) Medium, and c) High Driver Setting at 6 Feet Height at the Center of Light 
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Figure 35: Light Spectrum for Beta 60 LED on a) Low, b) Medium, and c) High Driver Setting at 6 Feet Height at the Center of Light 
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Figure 36: Light Spectrum for a) Dolphin 90 and b) Dolphin 120 at 6 Feet Height at the Center of Light 
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Figure 37: Light Spectrum for a) HPS 150 and b) HPS 250 at Floor Level (0 Feet) at the Center of Light 
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Figure 38: Stray Light Spectrum (including near Infrared) at Floor Level (0 Feet) at the Center of Light  
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Figure 39: Light Spectrum (including near Infrared) for a) HPS 150 and b) HPS 250 at Floor Level (0 Feet) at the Center of Light
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